Two new angucyclic quinones, angumycinones A (1) and B (2) and six known angucyclinone analogues (3-8) were isolated from a liquid culture extract of the Streptomyces sp. KMC004 strain from acidic coal mine drainage. The structures of these compounds were established using extensive spectroscopic data analyses, including NMR, HRFABMS, UV, CD, and X-ray crystallography. Compounds 1-8 were tested for antimicrobial activity against ten pathogenic microbial or fungal strains. Angumycinone B (2) exhibited antimicrobial activity against Micrococcus luteus, Enterococcus hirae, and methicillin-resistant Staphylococcus aureus (MRSA) with minimum inhibitory concentration values of 0.78, 1.56, and 12.5 lg/mL, respectively.
Microorganisms are a fertile resource for natural product-based drug discovery programs. In particular, terrestrial soil-derived Streptomyces species have been extensively studied because they can potentially provide pharmaceutical candidates; approximately 70% of clinically useful antibiotics are derived from natural sources. 1 However, the chemical redundancy of products isolated from these bacteria has become one of the current challenges in the discovery of novel natural product-derived drug candidates. 2 One approach to overcome this problem is to utilize Streptomyces species derived from unique habitats, such as marine environments, 3 mutualistic associations with hosts, 4 etc.; these strains have been exploited to provide novel microbial chemotypes over the last few years. Many recent investigations have uncovered compelling evidence that the Streptomyces species derived from unique environmental samples might lead to the discovery of secondary metabolites with significant biological activity.
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Acidic mine drainage is generated by the oxidative reactions that result from the exposure of sulfide minerals, such as iron pyrite or iron disulfide, to the atmosphere. Acidic mine drainage is a geochemically extreme environment, 6 and the acidic water system provides ecologically unique habitats for the growth and metabolism of diverse microbes. 7 Under harsh environmental conditions, such as acidic mine drainage, microorganisms may face ecological competition, driving their metabolic potential and requiring the biosynthesis of new secondary metabolites.
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The Streptomyces sp. KMC004 strain was isolated from an acidic mine drainage sample (209 ppm Fe, 6.7 ppm Mn, 0.8 ppm Pb, and 0.8 ppm Cu; pH 3.0) collected from the Young-dong abandoned coal mine located at Gangneung, South Korea, during our ongoing investigation of novel secondary metabolites from microorganisms collected from unique environments. The strain was most likely a Streptomyces sp. based on the 98.3% 16S rRNA sequence similarity with the Streptomyces chryseus strain (EU841613). The Streptomyces sp. KMC004 strain was cultivated in YM liquid medium (5 g of yeast and 30 g of malt in 1 L of distilled water) for 10 days at 25°C. The initial high-performance liquid chromatography mass spectrometry (HPLC/MS) analyses of the liquid cultured KMC004 revealed six major constituents with characteristic quinone-like ultraviolet (UV) chromophores. 9 To identify their molecular structures, the whole culture broth (8 L) was extracted with ethyl acetate (16 L) , and the extracts (1.2 g) were subjected to gradient reverse-phase chromatography. The six major metabolites were identified as known angucyclinone structures [MM 47755 (3), 10 (+)-rubiginone B 2 (4), 11 (+)-ochromycinone (5), 12 (+)-hatomarubigin A (6), 13 (+)-rubiginone D 2 (7), 14 and X-14881 E (8) 15 by comparing their spectroscopic data with previously reported spectroscopic data (Fig. 1 Table 1) . 16 Analyses of the extensive 2D NMR spectral data led to the identification of the planar structure of compound 1 (Fig. 2) These data allowed us to assign the relative configuration of H-12b and H-5b to be cis-configuration. The absolute configuration of 1 was deduced with a direct method to be 4aR, 6aS, 12aR, and 12bR via single crystal X-ray diffraction analyses conducted with Mo Ka radiation, resulting in a refined Flack parameter value of 1.2(9) using 1553 Friedel pairs (Fig. 3) . The relative and absolute configurations of 2 were assigned by analyzing the NOESY correlations together with CD spectral data. The CD and NOESY spectra of 2 were very similar to that of 1. The broad singlet signal of H-6 in the 1 H NMR spectrum of 2 and the key NOESY correlations of both axial H-5a and equatorial H-5b with H-6 suggested that the 6-OH was placed axially in the b-orientation, while H-6 was in an aequatorial configuration. In addition, the methane H-12b demonstrated a long range correlation ( 4 J 12b,5b = 2.3 Hz) with H-5b in H NMR spectra of 2, indicating W-shape connection and cis-configuration of H-12b and H-5b. The absolute configuration of 2 was determined to be 4aS, 6R, 6aS, 12aR, and 12bR and was validated with the very similar CD spectra of 2 and 1 (Fig. 4) .
The angumycinones (1 and 2) represent highly oxygenated angucyclic quinones; this scaffold is characterized by the presence of an epoxide group situated between C-6a and C-12a. Only nine natural 6a,12a-epoxybenz[a]anthracene derivatives have been reported so far from soil-based Streptomyces species. 9, 14, 23, 24, 28, 29 Of these nine structures, angumycinone A (1) is the most similar in structure to grecocycline A aglycon, which features a hydroxyl group positioned at C-12b. One critical difference in structure between 1 and grecocycline A aglycon is the absolute configurations of the stereocenters at C-12b and C-4a. A hydroxyl group at C-6, similar to the one in angumycinone B (2), can also be observed in simocyclinone D4 aglycon, which contains additional hydroxyl groups at C-12b and C-7. However, the absolute configuration of these molecules has never been reported. Therefore, this Letter is the first report establishing the absolute configurations of angucyclic quinone structures via single-crystal X-ray diffraction analyses.
Compounds 1-8 were tested for their antimicrobial activity against four Gram-positive bacteria, including Micrococcus luteus KCCM1548, Enterococcus hirae KCCM11768, Bacillus subtilis KCTC1021, and Staphylococcus aureus CCARM3089 (MRSA), in addition to three Gram-negative bacteria (Salmonella typhimurium KCCM11862, Klebsiella pneumonia KCCM35454, and Escherichia coli KCTC2593) and three fungal strains (Aspergillus fumigatus HIC6094, Trichophyton rubrum KCCM60443, and Candida albicans KCCM11282) using previously described minimum inhibitory concentration (MIC) assay method. 30 Ampicillin and amphotericin B were used as positive controls for pathogenic bacteria and fungi, respectively. Ampicillin exhibited antimicrobial activities against M. luteus, E. hirae, B. subtilis, MRSA, S. typhimurium, K. pneumonia, and E. coli with MIC values of 0.78, 0.78, 3.13, 12.5, 12.5, 12.5, and 6.25 lg/mL, respectively. The MIC values of amphotericin B were 1.56 lg/mL against each fungal strain (A. fumigatus, T. rubrum, and C. albicans). Angumycinone A (1) exhibited moderate antimicrobial activities against M. luteus and E. hirae (MIC values of 6.25 and 12.5 lg/mL, respectively); however, angumycinone B (2) was more active than 1 against the same strains (0.78 and 1.56 lg/mL, respectively). In addition, 2 demonstrated moderate activity against methicillin-resistant S. aureus (MRSA), displaying a MIC value of 12.5 lg/mL. The three known angucyclinone analogues, 3, 5, and 8, also exhibited antimicrobial activity against M. luteus and E. hirae, while the other compounds (4, 6, and 7) were not active against any of the tested strains. MIC values of both compounds 3 and 5 were 0.39 and 0.78 lg/mL against M. luteus and E. hirae, respectively, while 8 displayed 0.39 lg/mL MIC value against both pathogenic bacteria. None of the compounds demonstrated any antimicrobial activity against the Gram-negative bacterial or fungal strains. 
